We present a detailed numerical study of certain fundamental aspects of a one-dimensional homogeneous, deterministic Burridge-Knopoff model. The model is described by a massive wave equation, in which the key nonlinearity is associated with the stick-slip velocity-weakening friction force at the interface between tectonic plates. In this paper, we present results for the statistical distribution of slipping events in the limit of a very long fault and infinitesimally slow driving rates. Typically, we find that the magnitude distribution of smaller events is consistent with the Gutenberg-Richter law, while the larger events occur in excess of this distribution. The crossover from smaller to larger events is identified with a correlation length describing the transition from localized to delocalized events. We also find that there is a sharp upper cutoff describing the maximum large event. We identify how the correlation length and this upper cutoff scale with the parameters in the model. We find that both are independent of system size, while both do depend on the spatial discretization. In addition to the magnitude distribution, we present a series of measurements of other seismologically relevant quantities, including the event duration, the size of the rupture zone, and the energy release, and discuss the relationship between our measurements and the corresponding empirical laws in seismology.
I. INTRODUCTION We have reported recently [1 -4] that a simple, purely deterministic version of the Burridge-Knopoff model [5] of an earthquake fault behaves in ways that seems at least qualitatively similar to what is observed in nature. In particular, for seismic events of small or moderately large sizes, the distribution of events JV(p) of magnitude p produced by this model is consistent with the GutenbergRichter law, JV= Ae where 3 is a constant and b=l, yet rises appreciably higher at the upper end of the spectrum where most of the seismic energy is released [6] .
While the model is clearly too simple in several important respects -its strict uniformity, its onedimensionality, its lack of a mechanism for producing aftershocks, etc. -this simplicity makes it particularly useful as a paradigm for a real earthquake fault. We build into it no extrinsic stochastic ingredients, no complex structure, and effectively only two dimensionless groups of system-dependent parameters. Thus we can be fairly sure that the rich variety of behavior patterns that emerges is intrinsic to this general class of dynamical systems and not some artifact of special features. It therefore makes sense to use this model to suggest questions that we might ask about real seismological data. Accordingly, the purpose of the investigation reported here has been to explore, primarily by numerical means, some features of the artificial catalogs of seismic events that can be generated by this model. We pay special attention to those features which -at least in principle-
II. DYNAMICAL FEATURES OF THE MODEL
As discussed in Ref. [2] , our version of the [7] . The displacement U correspondingly is measured in units of a characteristic slipping distance, roughly of order meters. Dots denote derivatives of U with respect to~.
Apart from the nonlinear dissipative term P, which we shall discuss in the next paragraph, (2.1) is a linear, massive wave equation; that is, a Klein-Gordon equation.
The mass, i.e. , the coefficient of -U on the right-hand side of ( In order for the event to remain localized, the pulses must remain sufticiently small so that they cannot propagate far into the more firmly stuck regions at the boundary of the triggering zone [9] . Roughly speaking, this condition will be met if the displacements 5U, which are generated by the pulses at the edges of the triggering zone, are small enough (less than a number of order unity) so that they cannot transfer sufficient strain to the boundary to exceed the slipping threshold there. Assum In fact, the linear approximation used in the derivation of (3.5) is not likely to be valid for the entire event. The propagating pulses will not die immediately upon reaching the edges of the triggering zone, but are likely to be reflected back into the zone and decay as they propagate some distance into the stuck region at the boundary. The most we can say with confidence is that M should scale like g, and that it will also depend in some way on a. For larger values of a the picture is similar, although the displacements associated with the small events are even smaller relative to the large events than they appear here. When n=1, the picture is also similar, in the sense that the small events tend to cluster and there appear to be some correlations between the large events, though in that case the frequency distribution is described by a single power law.
local minima of U(s). Equally obvious is the fact that the largest part of the area of the figure is covered by the much less frequent, delocalized events. It is also apparent that there are correlations between these events.
The epicenters of the delocalized events nearly always occur near centers of small-scale activity. (See Ref. [4] for a detailed analysis of this effect. ) Moreover, these epicenters themselves appear to occur in correlated sequences [10] .
In Ref. [2] , we defined A(p)dp to be the frequency of events, per unit length of the fault, with magnitudes in the interval between p and p+dp. Here, however, be- Here for the entire range of magnitudes there is a single scaling given by M"-M/r-g/r, and b is strongly a dependent. In Fig. 6 In Fig. 7(b In addition to the net displacement between the plates, given by the seismic moment [13] Mo, there are several other source parameters which are of seismological interest. These include rupture area, earthquake duration, and energy release. As in the case of the seismic moment, certain assumptions are necessary to deduce these quantities from seismograms [14] . In this section we numerically determine the relations between these quantities in the model [15] ,and compare our results with the corresponding results in the seismological literature when available.
We begin with the earthquake duration~"which is simply the time span of the rupture process. Typically, earthquakes last anywhere from tenths to hundreds of seconds. Certain anomalously "slow earthquakes" are also on record [16] . Fig. 9 . For the very largest events, it appears that (5.6) consistent with a description of large events that are dominated by highly energetic rupture pulses, which on average displace the system a constant amount as they move, stopping only when they encounter a region which is sufficiently firmly stuck. Thus, throughout the entire range of events, it is clear that M is not given by any single simple power of A.
The last source parameters that we will consider describe the energy transfer in the system. In particular, as a function of magnitude we individually measure the change in energy density due to changes in the longitudiis seen to hold reasonably well for a wide range of events (Ao varies from meters to hundreds of kilometers), and is the basis for self-similarity assumptions in many models and predictive efforts [18] . In addition, when (5.4) [20] .
Our results for the change in longitudinal elasticenergy density as a function of magnitude in the model are shown in Fig. 10 , which illustrates our results both for individual events and on average. Note that for smaller events the average longitudinal-elastic-energy density decreases, indicating that these events primarily smooth the system, while this energy density increases only for the largest events, indicating a net roughening.
As in the case of M(b, ), we see here that EI (p) has a great deal of interesting structure. The scatter in the data is largest for events of intermediate magnitudes, which are also the least frequent events. The smallest nal and shear stresses (in the language of the original Burridge-Knopoff model, the coupling springs and the pulling springs, respectively).
The change in the longitudinal elastic-energy density tells us which events are smoothing the system, and which events are roughening it. This is of particular importance for the model, where dynamic roughening plays a crucial role in generating future events. In the model, Fig. 9 ].
Comparing Fig. 11(b) to Fig. 11(a [1] and [2] ). In addition, there is a dimensionless stiffness conwhere the event begins at time~, and the sum is over the 5 blocks which will eventually slip in the event. The difference between the measured value and unity determines the role of longitudinal stresses. Our results, both for individual events and on average, are illustrated in Fig. 11(a) 
